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Abstract

Germline p53 mutations have been identified in the Li-Frau-
meni syndrome but the role of such mutations in familial leuke-
mia is not established. The p53 gene was examined by single-
strand conformation polymorphism analysis of exons 4-8 in 10
families with multiple members affected with leukemia. The
diagnoses included acute and chronic leukemias and Hodgkin's
disease. Identified in two families were p53 mutations that were
nonhereditary. These included a 2-bp deletion in exon 6 found
in the lymphoblast DNAof one child whose sibling, cousin, and
several adult relatives had acute leukemia. The other nonheredi-
tary p53 mutation was a transition at codon 248 (CGGto CAG,
arginine to glutamine) found in the lymphoblasts of a patient
with a preleukemic syndrome and acute lymphoblastic leuke-
mia (ALL) whose brother is a long-term survivor of ALL.
Thus, p53 mutations were found to occur in two families but
both were nonhereditary. Moreover, in the remaining eight fam-
ilies no p53 mutation was identified in the regions of p53 where
most mutations have been found in other cancers. Although p53
mutations sometimes maybe present, they do not appear to be a
primary event responsible for hereditary susceptibility to famil-
ial leukemia. This study suggests involvement of other genes or
mechanisms. (J. Clin. Invest. 1992. 90:653-658.) Key words:
acute lymphoblastic leukemia - germline mutation * somatic
mutation * tumor suppressor gene

Introduction

Epidemiological studies have suggested that hematopoietic
malignancies may cluster in families (1-4), but the molecular
genetic basis for familial leukemia is not established. Recent
studies have implicated involvement of the p53 gene in the
Li-Fraumeni syndrome, another familial disorder of diverse
primary cancers featuring bone and soft-tissue sarcomas, brain
and breast cancer, adrenocortical carcinoma, and leukemia (5).
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The first evidence for possible involvement of p53 mutations in
the pathogenesis of this syndrome was the observation of a
similar spectrum of cancers in mice transgenic for a mutant
p53 gene under its own promoter (6), and subsequent study
soon demonstrated the presence of germline p53 mutations in
Li-Fraumeni families (7, 8). A germline p53 mutation was ob-
served in a Li-Fraumeni pedigree with one child affected with
acute lymphoblastic leukemia (ALL)' (9), and somatic p53
mutations have been identified in primary ALL, chronic lym-
phocytic leukemia (CLL) and chronic myelogenous leukemia
(CML) and Burkitt lymphoma cells, as well as in several leuke-
mia and lymphoma cell lines (9-12). It also may be noteworthy
that the most common second malignant neoplasms in chil-
dren with ALL are gliomas, which are the most commonbrain
tumors observed in the Li-Fraumeni syndrome (13). However,
in a family where three children had acute leukemia a p53
mutation present in lymphoblasts was nonhereditary (9). Al-
though'some p53 mutations are present in ALL cells at diagno-
sis, others have been identified in relapse specimens, and a role
of mutant p53 in disease progression is also possible (9, 10).
Alternatively, mutations at multiple tumor suppressor loci
may be involved in some leukemias, as is the case for osteo-
genic sarcoma where both Rb and p53 are important and ge-
netic susceptibility may be imparted by germline mutation in
either (14-17). We thus undertook a study to determine
whether mutations in the p53 gene are involved in the predis-
position to familial leukemia.

Methods

Sample collection. A total of 10 leukemia-prone families were exam-
ined. Family histories were obtained by chart review or by interview,
and materials were collected per protocol or as part of standard care.
The diagnoses, individuals affected, individuals studied, ages, and
times of sampling are as listed in Table I. Specimens analyzed included
bone marrow (BM) or peripheral blood (PB) leukemic cells, BMor PB
from affected individuals sampled during remission, cultured fibro-
blasts from affected individuals, and PB of unaffected relatives. The
method for growth of fibroblasts in short-term culture has been de-

1. Abbreviations used in this paper: ALL, acute lymphoblastic leuke-
mia; BM, bone marrow; CLL, chronic lymphocytic leukemia; CML,
chronic myelogenous leukemia; PB, peripheral blood; PCR, polymer-
ase chain reaction; SSCP, single-strand conformation polymorphism.
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Table L The p53 Gene in Familial Leukemia

SSCP(exon)
Age at Time of

Family Member Diagnosis diagnosis Sample sampling 4 5-6 7-8 Codon Mutation

I 1. Mother
2. Son

ALL
Pre-B ALL

8 PB Remission N N
3 BM Diagnosis N N

II 1. Brother
2. Sister

3. Father
4. Mother

III 1. Brother
2. Sister
3. Father
4. Mother
5. Cousin

IV 1. Cousin
2. Cousin
3. Cousin
4. Father of 3
5. Mother of 3
6. Half-sister of 1

ALL
Pre-B ALL

Prostate cancer
Unaffected

AUL
Pre-B ALL
Unaffected
Unaffected
ALL

ALL
Pre-B ALL
Pre-B ALL
Unaffected
Unaffected
ALL

16 NT
28 PB

BM
61 PB
NA PB

5 NT
5 PB

NA PB
NA PB

2 NT

10 NT
11 CF
4 PB

NA PB
NA PB

5 NT

Diagnosis N N
Relapse N N
NA N N
NA N N

Relapse
NA
NA

6
N
N

NA N N
Diagnosis N N
NA N N
NA N N

7
N
N
N

248 CGGto CAG

2 14/215 del/fs

N
N
N
N

V 1. Brother
2. Sister

VI 1. Brother
2. Sister

VII 1. Cousin
2. Cousin

VIII 3272
Father
Brother
Brother
Sister

AML
Pre-B ALL

Pre-B ALL
Pre-B ALL

ALL
Pre-B ALL

CLL
CLL
CLL
CLL
CLL

14 NT
17 PB

BM

2 NT
7 BM

2 NT
5 BM

CF
NT
NT
NT
NT

Diagnosis N N
Remission N N

Diagnosis N N

Diagnosis N N

NA N N N

IX 2441
Brother
Brother

X 2642
Brother
Brother
Cousin
Cousin
Cousin
Great aunt
Great uncle

Hodgkin's disease
ALL
ALL

AML
AML
AML
MRE
MRE
AML
AML
AML

CF
NT
NT

CF
NT
NT
NT
NT
NT
NT
NT

NA

NA

N N N

N N N

Family pedigrees III, VIII, and X have been reported in references 4, 9, and 3, respectively. Abbreviations used in this table are defined in
footnote 1 plus the following: AUL, acute undifferentiated leukemia; CF, cultured fibroblasts; MRE, malignant reticuloendotheliosis; N, normal;
NA, not applicable; NT, not tested.

scribed (7). The peripheral white blood cells of unaffected relatives method as modified to screen for point mutations in the p53 gene in
were collected after an explanation of the studies to be performed. genomic DNAhas been described (21).
Whenperformed, cytogenetic analysis was by standard methods (18). Characterization of abnormalities suggested by screening. Muta-

Screening for mutations. High molecular weight DNAand total tions were confirmed by restriction enzyme digestion and/or direct
cellular RNAwere isolated as described (19, 20). The polymerase chain sequencing of genomic DNAPCRproducts using described methodol-
reaction (PCR)/single-strand conformation polymorphism (SSCP) ogy (9).
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Figure 1. Examples of analysis of genomic DNAsof patients from three leukemia-prone families for the presence of p53 mutations by the
PCR/SSCPmethod (21). Patients with leukemia were studied at diagnosis (Dx), relapse (not shown) or remission (Rem) as indicated. Samples
shown were either BMor PB. BMor PB DNAswithout p53 mutations which were derived from other previously studied patients (9) or from
normal individuals served as controls. Pattern differences in the exon 4 panel are consistent with polymorphism at p53 codon 72 (21). Roman
numerals indicate families. Sites of restriction enzyme cleavage in genomic DNAand resultant normal sizes of genomic DNAPCRfragments
containing individual exons are shown by schematic (bottom). The arrow indicates mutation in II-2 which proved to be of somatic origin.

Family studies. For studies of unaffected family members SSCP
analyses and restriction enzyme digestion or direct sequencing of geno-
mic DNAPCRproducts were performed as appropriate to individual
cases.

One leukemia-prone family listed in Table I was previously studied
(family III) and the additional methods of analysis including the RNase
protection assay and cDNA synthesis, cloning, and sequencing have
been described (9).

Results

Absence of hereditary p53 mutations in familial ALL. Individ-
uals including 13 patients and 5 unaffected relatives from 10
families were examined (Table I). SSCPanalysis identified pat-
terns suggestive of p53 mutations in the lymphoblast genomic
DNAof two individuals. Although p53 mutations were con-

firmed in the lymphoblasts of these two patients with ALL who
were members of different leukemia-prone families (Table I,
families II and III), both mutations were nonhereditary. Speci-
mens from all of the other individuals studied had only normal
patterns on SSCPanalysis of exons 4-8 (see Fig. 1, families I
and V).

Characterization of p53 mutations in familial ALL. SSCP
analysis of PB lymphoblast genomic DNAsampled at diagno-
sis from one of two siblings with ALL (family II) suggested both
a normal p53 allele and an abnormal allele with a mutation in
exon 7 (Fig. 1), which by direct sequencing was found to be a G
to A transition at codon 248 (CGG to CAG, arginine to gluta-
mine). The mutation would obliterate the MspI restriction site
normally present at codon 248, and MspI digestion of a PCR
amplified fragment of lymphoblast genomic DNAat diagnosis
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Figure 2. MspI digestion of genomic DNAPCRproducts for assess-
ment of presence, zygosity, and heritability of p53 codon 248 muta-
tion in family II. A 1446 bp PCRfragment containing p53 exons 5-8
was amplified from genomic DNAsprepared from BMor PB mono-
nuclear cells of the indicated family members. (-), undigested; (+),
digested. The schematic at bottom shows sites of cleavage by MspI in
normal genomic DNAwith normal sizes of MspI restriction frag-
ments indicated by solid brackets and the MspI site normally present
at p53 codon 248 indicated by arrow. The presence of the same mu-
tation found in PB of II-2 at diagnosis (Dx) would obliterate the MspI
site at codon 248 and result in an abnormally sized MspI fragment
of 467 bp (dashed line bracket/*). Note patterns consistent with the
presence of both mutant and wild-type alleles in PB of II-2 at Dx,
wild-type pattern during therapy for relapse in a sample containing
predominantly lymphoblasts (rel Rx), and wild-type patterns in PB
of both parents. The fragment of 632 bp in PB of Mother (11-4) is
consistent with the presence of an intron 6 MspI polymorphism (P)
on one allele.

verified the presence of both mutant and wild type alleles (Fig.
2). In contrast, both SSCPanalysis and MspI digestion of exon
7-containing genomic DNAPCR fragments from BMsam-
pled during chemotherapy for relapse and from parental PB
revealed only normal patterns. These findings indicate that the
p53 codon 248 mutation was not of germline origin, neither

early somatic nor hereditary. In that the specimen sampled
during relapse chemotherapy still contained predominantly
lymphoblasts, these data also suggest that the original leukemic
clone manifesting the p53 mutation at diagnosis had been oblit-
erated (Fig. 2). The pedigree of this family (family II) with two
siblings diagnosed with ALL at early ages is as shown in Fig. 3.

The detailed study of a child with relapsed B-cell precursor
ALL in another leukemia-prone family (Pre-B ALL pt. 4, fam-
ily 111-2, Table I) has been described (9). Analyses of PB lym-
phoblast mRNAor genomic DNAby the RNase protection
assay, SSCP analysis, sequencing of the p53 open reading
frame, and direct genomic sequencing identified a homo- or
hemizygous 2 bp deletion at p53 codons 214/215 which would
cause a frame shift and create a premature TGAtermination
codon in exon 6. However, SSCPanalysis and analysis of p53
sequence in parental genomic DNA indicated that this p53
mutation was likewise nonhereditary (Table I). Despite the ac-
quired nature of this mutation, this patient had a brother and
distant cousin with childhood acute leukemia plus a family
history of leukemia, breast, gastrointestinal, and prostate
cancers over four generations of adults (9).

Discussion

The impetus for this investigation of the p53 gene in familial
leukemia was the demonstrated role of p53 mutations in heredi-
tary susceptibility to other human cancers (7, 8), the reported
finding of lymphoid tumors in mice transgenic for a mutant
p53 gene (6), and the occurrence of somatic p53 mutations in
some leukemias and lymphomas (9-12). In Li-Fraumeni fami-
lies with breast cancers, sarcomas, and brain tumors, the pres-
ence of germline p53 mutations in a region containing codons
245, 248, 252, and 258 suggested that mutant p53 was a cancer
susceptibility gene (7, 8). A germline p53 mutation also was
demonstrated in a Li-Fraumeni family where ALL was in-
cluded among the spectrum of tumors (9). The spectra of tu-
mors in Li-Fraumeni pedigrees, however, are distinct from
those in families affected with leukemia but not other Li-Frau-
meni syndrome-type cancers. The present study suggests that
germline p53 mutations are not involved in familial aggrega-
tions of leukemia that do not have other components of the
Li-Fraumeni syndrome.

In family II, despite the occurrence of childhood ALL in the
sibling and prostate cancer in the father, a p53 mutation ob-
served in the lymphoblasts of one young adult with B-cell pre-
cursor ALL was neither hereditary nor germline, and, more-
over, it appeared to be obliterated by treatment. This codon
248 transition (CGGto CAG, arginine to glutamine) observed
only at diagnosis would change an amino acid residue which
falls in a highly conserved region of p53 involved in murine
SV40 large T antigen binding (22,23). p53 codon 248 is a GpC
dinucleotide site and a "hotspot" for transitional mutations in
other cancers, both sporadic and hereditary (24, 25). However,
this mutation is distinct from the germline CGGto TGGtran-
sition (arginine to tryptophan) commonly found at codon 248
in Li-Fraumeni families (7, 8). It also differs from a codon 248
CGGto CCGtransversion (arginine to proline) which was pres-
ent in the lymphoblasts of an infant with ALL at relapse (9).
The finding of retained heterozygosity in both cases of ALL
suggests that mutations at p53 codon 248 may be involved in
leukemic transformation by the postulated trans-dominant
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negative mechanism (9, 26-28). These mutations at codon 248
may have a functional significance as each would replace a
basic amino acid in the protein sequence with one that is non-
basic. The frequency at which this codon appears to be mu-
tated in ALL cells, where p53 mutations are relatively uncom-
mon, may prove to be disease-related.

The cluster of ALL in both siblings in family II in the ab-
sence of a germline p53 mutation suggests the involvement of
another tumor suppressor gene, which in the heterozygous
state is compatible with life, allows reproduction and may even
provide a growth advantage. The brother has now survived his
disease by 20 years and has fathered a son, whereas the sister
had an indolent clinical course characterized by a preleukemic
syndrome for 3 years before diagnosis. Likewise, although no
p53 mutation was identified in family I, an affected mother
survived to have an affected son. It is noteworthy that the leu-
kemic cells of the son exhibited a hyperdiploid karyotype with
several chromosomal gains including +3 in addition to the
t( 1 ;3)(q34;p2 1). Chromosomal band 3p2 1 is commonly de-
leted in lung and renal cancers as well as in malignant lympho-
mas (29-31) and may be the site of another tumor suppressor
gene.

The reported pedigree of another child with B-cell precur-
sQr ALL (Table 1, family III) also suggested hereditary suscepti-
bility to cancer, including two other cases of childhood leuke-
mia plus leukemia and other cancers over four generations of
adults (9). However, the p53 codon 214/215 deletion was non-
hereditary and differed in both location and type from the p53
mutations thus far reported in families affected with the Li-
Fraumeni syndrome (7, 8).

This study indicates that the frequency of p53 mutations in
the regions of the gene most commonly mutated in other
cancers is relatively low in familial leukemia (2 of 10) and that
when present such mutations are generally nonhereditary. The
presence of nonhereditary p53 mutations in some cases may
suggest involvement of mutations at multiple tumor suppres-
sor loci in some leukemias, as is the case for osteogenic sarcoma
where both Rb and p53 are important and genetic susceptibil-
ity may be imparted by germline mutation in either (14-17).
Moreover, in contrast to Li-Fraumeni families, the majority of
leukemia-prone families have no germline p53 mutation.
Thus, although p53 mutations sometimes may contribute to

Figure 3. Pedigree of a leuke-
mia-prone family (family II)
with a somatic p53 mutation
identified in 11-2. Open box
or circle indicates living male
or female; solid box or circle,
deceased; slash mark, af-
fected with cancer, and U,
cancer, type unknown.

the pathogenesis and/or progression of leukemias, they do not
generally appear to be a primary event responsible for heredi-
tary susceptibility. These results suggest that other genes or
mechanisms may play a role in familial leukemia.
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